The full integration of the textile industry into GATT, which with some exceptions occurred on January 1, 2005, is likely to greatly impact the global textile and apparel industries. In particular, one prediction is that the South African industries are likely to be "decimated." The actual effect on these industries will depend at least partly on the ability to take advantage of economies of scale and to be internationally competitive. In an endeavor to gain more insights into the future of these industries in South Africa, this study uses a cost function to investigate the presence of scale economies and the nature of input interrelationships. The findings include statistically significant economies of scale present in both industries and cross price elasticity estimates indicating that most inputs are substitutes for one another. The first result offers an opportunity to reduce unit costs if these industries can grow their markets. However, lower prices on imported intermediate goods will likely decrease the demand for domestic inputs. The cross price elasticities of demand are relatively low in some cases, consistent with domestic input market rigidities and international trade restrictions.
INTRODUCTION
The textile and apparel industries are considered vital to many developing countries. For one thing, these industries, especially apparel, are highly labor intensive in nations which typically have a relative abundance of labor. In South Africa, in particular, these industries have played a critical role in keeping a significant number of households from desperate poverty situations (van der Westhuizen, 2007) . According to the Textile voluntary export restraints on textiles and apparel from developing countries, offering significant protection to those industries in the developed countries. However, the Agreement on Textiles and Clothing, negotiated during the Uruguay Round, provided for the gradual reduction of bilateral quotas and the integration of the textile industry into the General Agreement on Tariffs and Trade (GATT). The first stage began on January 1, 1995, and the last stage was reached on January 1 of 2005, when the textile industry was to be completely covered by GATT rules. (The latter stage was significant, affecting about 49 percent of the industry tariff lines.
7 ) While the ATC included safeguard provisions that allowed countries to at least temporarily place restrictions on textile imports after January 2005, it appears that textile and apparel firms in formerly preferential trading situations will in the near future be faced with more competition in the global marketplace. 8 In fact, Keenan, Saritas, and Kroener, (2004, p. 316) state that "…producers in sub-Saharan Africa, are likely to see their industries decimated" as a result of the integration of the textile and clothing industries into GATT. Preliminary data indicate that this increased competition is in fact having a negative effect on the South African industry (van der Westhuizen, 2007) . Even before the 2005 trade liberalization policy specifically affecting these industries, South Africa's total employment in the textile and clothing industries declined from 228,053 in 1996 228,053 in to 142,863 in March 2005 . This decline began after South Africa began to liberalize its trade policies in 1994 (Vlok, 2006, p. 230) .
Moreover, proposed tariff reductions in the Doha round of negotiations have the potential to present additional challenges to the textile and clothing industries, since they currently do not operate at international standards of cost competitiveness. The import tariff protection for these industries (and motor vehicles) is relatively high, compared to that for most other South African industries. The South African government has been using protective import tariffs for these industries as an industrialization policy tool (Woolfrey, 2009) .
Clearly, the ability to further exploit economies of scale to achieve unit cost reductions is only one factor in achieving international competitiveness. Firms will need to have appropriate technology and operate with both technical and economic efficiency. However, existence of scale economies will certainly assist firms in their efforts to 7 The January 2005 date is highly significant since nearly half of the liberalization measures were delayed until 2005. The earlier effects of the ATC were also diminished because the number of items covered by it was increased from the original MFA and the importing countries were allowed to choose which items were to be covered by the various stages. See Liu and Sun (2004, p. 53-54) and Nordås (2004, p. 13-15) . 8 The arrangement that admitted China to the WTO included a provision that allowed the other members to place restrictions on all imports subject to the ATC until 2008, as well as a China-specific measure that is effective until 2013 (Liu and Sun, 2004, p. 54 increase their ability to compete internationally if they can grow their markets. In addition, the relationships among the inputs used in the production process, particularly with respect to domestic inputs and foreign intermediate goods, will likely affect the impacts of these changes in international trade rules on both the demand for South African domestic inputs and the country's balance of payments. While we acknowledge that other things are also important to the success of a firm in these industries, this study is limited in scope to examining the evidence with regard to scale economies as well as the demand relationships among the inputs.
THE TRANSLOG COST MODEL
Because of the flexibility that it allows with respect to the estimated parameters, a transcendental logarithmic (translog) cost function was used to examine the nature of the production and cost relationships among the output and inputs for both the South African textile and apparel industries. The production technology of these industries is assumed to be representable by a general transformation function
where 
where K P is the price of capital, L P is the price of labor, D P is the price of domestically produced intermediate goods, and F P is the price of imported intermediate goods.
The exact cost function specified in (2) can be approximated with the translog cost function 9 See Jorgenson (2000, Chapter 4), Greene (2000, p. 640-644) , Berndt and Christensen (1973); Christensen, Jorgenson, and Lau (1973); and Guilkey, Lovell, and Sickles (1983) for more detailed discussions of translog functions. See Binswanger (1974, p. 380); and Kohli (1991, p. 103-106) 
, and F.
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The parameters of the translog cost function (3) can be estimated indirectly by estimating the coefficients of the cost share equations, i S , where
, and F. The restrictions imposed on the parameters by the regularity requirement that the cost function be linearly homogeneous in factor prices allow the translog cost function to be written so that only twenty parameters need to be estimated. 11 The additional assumption of homotheticity requires that the Yi ρ terms equal zero, and the more restrictive assumption of homogeneity requires that YY δ also equal zero (Christensen and Green, 1976, p. 661) . The number of parameters to be estimated in the cost share equations can be similarly reduced. Only three of the factor share equations are linearly independent, since they must sum to one. Thus, for example,
, a n d the share equation for imported intermediate inputs was eliminated in the estimation procedure.
12
10 Technically, the estimation of this cost function requires that input markets be perfectly competitive.
Although the input markets relevant to this study are not perfectly competitive, administered or negotiated prices (such as union and minimum wage rates) that do not change frequently in response to volume changes can perform a similar role for estimation purposes. The minimum requirements for the cost function to describe a "well-behaved" technology are that it be (1) linearly homogeneous in input prices, (2) positive and monotonically increasing in input prices and output, and (3) concave in input prices.
11 The linearly homogeneous in prices assumption requires that;
, and ) (
. 12 Separate stochastic error terms, assumed to reflect errors in optimizing behavior, were implicitly added to the cost and share equations. If the data are normalized so that total cost, the output quantities, and the input prices are equal to one in the base period and if the translog cost function is exact, the logarithm of 0 α is equal to zero. Although this normalization procedure was followed in the present study with 1991 the base year, the estimated translog cost function was not assumed to be exact so that 0 α is not necessarily equal to zero. The cost function and share equations were estimated by using the Zellner-efficient method and iterating on the estimated covariance matrix until convergence was achieved (IZEF method). See Barten Time series data for the available industrial census years from 1956 to 1991 were utilized. Although some data from the 1993 and 1996 industrial censuses are also available, we could not obtain data on imports of intermediate goods on an industry-specific basis for those years. 13 Because of limited data availability, the model was restricted to that corresponding to a homogeneous production function. In addition, the time trend variables were omitted from the final model because they were insignificant and in some cases resulted in more violations of the regularity conditions. A dummy variable was inserted in the estimated relationships for each industry with a value of one from 1970 onward to reflect a change in the industrial classifications in South Africa. (1969, p. 24-25) ; Kmenta and Gilbert (1968) ; Ruble (1968, p. 279-286) , and Zellner (1963) for an explanation of the IZEF procedure, which yields maximum likelihood estimates. 13 The following data were utilized to estimate the cost function. Total cost was equal to the sum of total salaries and wages, cost of materials, rent paid, depreciation, and net profit in thousands of rand for each respective industry. Total output was calculated as the gross output of each industry in current rand (thousands) divided by a producer price index ( 100 1990 = ) for apparel or textiles, as appropriate. Given the available data, the price of capital was the interest rate on first mortgage bonds before 1963, the yields on 
EMPIRICAL RESULTS
The estimated values of the parameters for the apparel and textile industries, respectively, are shown in Tables 1 and 2. 14 While most of these values are not important in and of themselves, the estimates of Y α are of great interest. That is because Y α is the cost elasticity of output, or
One can then calculate an estimate of returns to scale as (
). The estimates of Y α for apparel and textiles, respectively, were 0.84 and 0.87. In both cases these values were significantly less than one at the 0.5% level of significance, but not significantly different from 1/2. Calculating the implied returns to scale coefficients from the estimated values for the cost elasticity, we obtain 1.19 for the apparel industry and 1.15 for textiles. These values indicate that both industries were operating in an output range where economies of scale were still present. This conclusion is supported by firm interviews and the observation that a greater proportion of large than small firms were successful in South Africa in a study of these industries conducted for the U. S. Agency for International Development (Salinger et al., 1999, p. 8) .
15
The estimates of the direct price elasticities of demand for the inputs for each industry are given in Tables 3 and 4 . 16 The apparel industry direct price elasticity estimates are generally higher in absolute value than the comparable ones for the textile industry, suggesting that the demands for inputs in the apparel industry were more sensitive 14 The regularity conditions were satisfied at all data points for the apparel industry and at all but two points for the textile industry. Translog estimates may still be acceptable even though these conditions are violated at a few data points (Wales, 1977; and Caves and Christensen, 1980) . The conventional single-equation Durbin-Watson statistic for the total cost function was 2.36 for the apparel industry and 2.88 for the textile industry. Because of the limited degrees of freedom, probability values could not be calculated for either of these coefficients, although they appeared to both be in the inconclusive range at the five percent level of significance (Durbin, 1957; Malinvaud, 1970, p. 509; and Berndt and Christensen, 1973, p. 95) .
15 Also see the discussion in Roberts and Thoburn (2003, especially pages 89 and 97) and Gibbons (2003 Gibbons ( , p. 1822 . In a study using 1984 and 1990 data for Mexico, Tybout and Westbrook (1995, p. 70-71) did not find statistically significant returns to scale in either the textile or apparel industries. However, using Mexican cross section data for 1960 , 1965 , 1970 , and 1975 , Truett and Truett (1989 found evidence of statistically significant economies of scale for the cotton textiles, shoes, and clothing industries for the later years of the study. 16 The direct price elasticity of demand for input i is calculated for each year from the coefficient estimates (for all years) and the estimates of the input shares for each particular year as to changes in own price than was the case for the textile industry. 17 It is particularly interesting that the price elasticity of demand for imported intermediate goods in the apparel industry was quite high, relative to that for the other inputs. Although not nearly so high in absolute value as was the case for apparel, the estimates of price elasticity of demand for foreign intermediate goods for the textile industry were generally higher than those for labor and domestic intermediate goods and about the same as those for capital. Exceptions to this pattern occurred from 1976 onward, perhaps reflecting international reaction to apartheid policies. The cross price elasticity of demand estimates for the inputs are given in Tables 5  and 6. 18 These estimates are generally consistent with the hypothesis that these inputs are substitutes for one another with the exception of domestic labor and capital in the 17 The few degrees of freedom made the bootstrap procedure to check for statistical significance of these coefficients unworkable. 18 The cross price elasticities of demand (
) can be calculated using the estimated coefficients (for all years) and the estimated input shares for each year as:
textile industry. In addition, the estimated cross price elasticities for domestic and foreign intermediate goods in the textile industry were negative for some observations, but all of these estimates were near zero. Moreover, the estimated effects of a change in the price of foreign intermediate goods on the demand for domestic capital, labor, and intermediate goods, respectively, were essentially zero for both industries. International trade restrictions as well as domestic labor market rigidities were likely responsible for the low cross price elasticities between the price of imported intermediate products and the quantities demanded of the domestic inputs. Such a conclusion is particularly believable during the period covered by this study, when a variety of protectionist measures limited the movement of international trade between these industries in South Africa and the rest of the world. 19 In addition, there may be few opportunities for substituting foreign intermediate goods for domestic capital, and vice versa. Kaplan (2004, pp. 633-639) . Kaplan argues that a shortage of cloth that meets the rules of origin requirements has been a significant constraint on the apparel industry. Similarly, a change in the price of domestic labor appears to have a direct relationship with the quantity demanded of foreign intermediate goods in the textile industry. Thus, there must have been some opportunities for substitution of imported intermediate products for domestic labor and intermediate goods. Certain international trade policies such as the "yarn forward rule" for duty free access to the U.S. markets would encourage the use of materials imported from the United States, for example.
Turning to the relationships among the domestic inputs, we see that an increase in the price of capital apparently increases the demand for domestic labor and intermediate goods in the apparel industry. Nevertheless, these estimates were quite low. The estimated values for KL E were low as well, compared with those for KD E . A similar relationship can be observed between the cross price elasticity estimates for capital and domestic intermediate goods for the textile industry. Thus, it seems that changes in the price of capital had little impact on the demand for the other domestic inputs, but that changes in the price of domestic intermediate goods did positively affect the demand for capital. Apparently there must be some substitutability between capital and domestic intermediate goods such that when the price of the latter rose, it gave the firms an incentive to invest in new capital equipment. While there apparently have been no great changes in the production technology of the apparel industry over the past hundred years, there have been innovations such as the automatic cutting machine that made accurate cutting of material easier (Nordås, 2004, pp. 5-6) . A firm would have a greater incentive to purchase such equipment when the price of material increased. The textile industry is generally more capital intensive than the apparel industry (Nordås, 2004, p. 7) , which may also allow for some substitution of capital equipment for domestic materials in that industry. The greater capital intensity of the textile industry may also account for the complementary relationship between domestic labor and capital. Tables 5 and 6 show that an increase in the price of domestic intermediate goods did appear to increase the demand for domestic labor in both industries so, again, there must be some possibility of substitution of labor (using more highly skilled labor and more care, for example) for domestic materials. Rigidities in the labor market, especially in the apparel industry, likely reduced the substitution of domestic materials for labor, however.
20 Such labor market imperfections may at least partly explain why the cross price elasticity of demand for domestic intermediate goods with respect to the price of labor, DL E , was lower in both industries than was the case for LD E . For example, there were restrictions on the laying off of workers (Salinger et al., 1999, p. 63) . Thus, an increase in the price of labor may not quickly result in the firm adjusting its inputs to least cost combinations.
CONCLUSION
The results of this study clearly indicate the existence of scale economies in both the apparel and the textile industries, a finding consistent with surveys and observations of other researchers. If South Africa can grow its markets for textiles and apparel, economies of scale should enable the industries to lower their unit costs. However, Kaplan (2004, p. 633) states that South African clothing exports have grown very slowly over the past ten years and that new investment in the industry has not been substantial. Such a situation brings concern for the future of the industry as trade restrictions fall, especially with respect to China, in the coming years. Nordås (2004, p. 34) suggests that the distance of South Africa from major markets (e.g., the United States and Europe) for its products will add to the challenges for these industries. The presence of economies of scale also means that if output falls, average costs will rise. As stated earlier, employment and output have been falling in these industries in recent years (van der Westhuizen, 2007; and Vlok, 2006) . Therefore, there is ample reason for unease regarding what lies ahead for these industries in South Africa.
The direct price elasticity estimates for the inputs were in general larger in absolute value for the apparel industry than for textiles. Those results may reflect the fact that the textile industry is highly capital intensive, with a production technology that lessens the opportunities for input substitution. The hypothesis of lower substitutability among the inputs for the textile industry compared with apparel is given credibility by the estimates of input cross price elasticities. For this industry, capital and labor are apparently (weak) complements, as may be the case for domestic and foreign intermediate goods. However, except for the last two years, the cross price elasticity estimates for domestic and foreign intermediate goods were very close to zero. Moreover, in general and for both apparel and textiles, the responsiveness of the demand for domestic inputs with respect to the price of foreign intermediate goods was quite low. This finding may be partly the result of trade restrictions that limited the purchases of foreign intermediate goods and domestic input market rigidities, as well as technology issues.
In the apparel industry, the results pertaining to elasticities suggest a greater impact on the demand for foreign intermediate goods from changes in the prices of labor and capital. The price of labor seemed to have a similar impact on the demand for imports in the textile industry. Thus, there apparently was some responsiveness of imports to domestic input price changes. The elasticity estimates may also to a substantial extent be a manifestation of the fact that the cost share of foreign intermediate goods for both industries was quite small relative to those of the domestic inputs, especially labor and intermediate goods. Thus, a given percent change in a domestic input price could lead to a relatively large percentage change in the quantity demanded of imports.
While these industries, especially the apparel industry, have the potential to generate significant employment opportunities for South Africa, they currently face substantial challenges, both with respect to operational efficiency and proximity to international markets. The apparel industry in other countries in southern Africa has apparently recently been more successful in adapting to the new international environment, and, consequently, it is appropriate for policymakers to be concerned for the prospects of the South African industry (Kaplan, 2004, p. 633; Nordås, 2004, p. 34; and Roberts and Thoburn, 2004, pp. 137-138) . Roberts and Thoburn (2004, p. 138) point out that while the textile industry itself is unlikely to offer many additional employment opportunities in the future, a thriving domestic textile industry could greatly assist the domestic apparel industry, and a growing apparel industry could indeed positively impact South African unemployment. It appears, however, that achieving this positive outcome will be not be an easy task for South Africa.
In August 2006 the South African government imposed import quotas on textiles and clothing from China for a two-year period beginning January 1, 2007. Naudé and Rossouw (2008) suggest that this policy may well have been a mistake and will not have the hoped-for effects of protecting jobs or enabling the industry to increase its effectiveness.
The small cost share of foreign intermediate goods in both the textile and apparel industries, coupled with slow growth in exports, suggests that the industries are very inwardly-focused. Their distance from international markets also suggests that they need to try to grow their domestic markets. As marginalized segments of the population become fuller participants in the modern sector of the economy, significant expansion of internal markets may be possible. Nevertheless, such a strategy is unlikely to be sufficient to save the industry from the forces of international competition.
Both the apparel and textile industries need to find ways to increase their efficiency and, therefore, their international competitiveness. It is becoming more and more difficult to compete internationally solely on the basis of low wage rates, and there are other countries with lower wage rates than South Africa. 21 Thus, these industries need to search for and exploit any opportunities for specialization in particular niches of production where they may have a comparative advantage, as India and Italy have apparently successfully done. 22 The RATES report (2005, p. 34) suggests that the industry explore opportunities to add value to natural fibers, particularly blends of cotton and other natural fibers and multi-functional and high-performance textiles.
Some industry sources have argued that niche markets will not be sufficient to achieve the necessary scale economies for the industry to be competitive, and that mass production for the international market will be necessary (van der Westhuizen, 2007) . It is important that the South African government take steps to make certain that the necessary infrastructure (for example, energy and transportation) is in place or developed to assist the industry in operating at competitive unit costs. The RATES report (2005, p. 34) states that the development of an electronic knowledge data base 21 See, for example, "'Made in China' May Cost You More," San Antonio Express-News, February 22, 2008, p. 1C, 4C. 22 See Audet (2007) , Bolisani and Scarso (1996) , Keenan et al. (2004) , Owen (2003), and Stengg (2001) .
that can be shared as well as greater investment in human capital are important. The government may also wish to consider policies that would incentivize these industries to develop such internationally competitive specializations and/or efficiencies so that growth of their exports becomes economically viable. One key policy, the Duty Credit Certificate Scheme, and its successor, the interim Textile and Clothing Industry Development Programme, enabled manufacturers of textiles and clothing to receive credits against import duties based on their exports. However, this policy must be changed to be consistent with World Trade Organization (WTO) rules. It will expire in March 2010 unless a revised version is approved by the Southern African Customs Union. 23 Uncertainty about the future of this policy is currently making strategic planning more difficult for the industry. It may be tempting in this difficult environment for policymakers to enact additional measures to limit industry imports. Nevertheless, past experience with inward-oriented policies in South Africa suggest that such policies will only impede progress toward making the domestic textile and apparel industries more internationally competitive.
